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ABSTRACT 

A s i m p l e  s o l i d  s t a t e  c i r c u i t  fo r  p u l s i n g  h i g h - p o w e r  t h y r a t r o n s  is 

d e v e l o p e d .  

t h e  f o l l o w i n g  p e r f o r m a n c e :  t o t a l  d e l a y  b e t w e e n  t h e  i n p u t  t o  t h e  p u l s e r  

A c i r c u i t  n o t  o p t i m i z e d  fo r  minimum d e l a y  a n d  j i t t e r  h a d  

. a n d  t h e  o u t p u t  of t h e  t h y r a t r o n  i s  2 m i c r o s e c o n d s .  T h e  j i t t e r  of t h e  
P 

t h y r a t r o n  o u t p u t  w i t h  r e s p e c t  t o  t h e  d r i v e r  i n p u t  i s  l e s s  t h a n  12  

n a n o s e c o n d s .  T h e  c i r c u i t  h a s  t h e  a d v a n t a g e s  of l o w  power  c o n s u m p t i o n  

a n d  l o n g  l i f e .  
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S o l i d  S t a t e  T r i g g e r  f o r  H i g h  Power Thyra t rons  

We r e c e n t l y  have been i n t e r e s t e d  i n  the synchronized p u l s i n g  o f  

h i g h  power hydrogen t h y r a t r o n s  t o  d r i v e  xenon f l a s h  tubes. We had on 

hand a low l e v e l  p u l s e  genera tor  ( T e k t r o n i x  162), and needed a s imp le  

way t o  conver t  i t s  o u t p u t  t o  t h y r a t r o n  t r i g g e r i n g  l e v e l s  ranging from 

400 t o  1000 v o l t s  a t  3 t o  10 amperes. C i r c u i t s  f o r  t h i s  purpose a r e  

a v a i l a b l e  (Glasoe, 1965), most o f  which i n v o l v e  u s i n g  tubes. Tubes 

have d isadvantages:  b o t h  hard  and s o f t  tubes r e q u i r e  a f i l a m e n t  supply  

and b i a s  s u p p l i e s  f o r  the  v a r i o u s  g r i d s ,  r e s u l t i n g  i n  e x t r a  costs  (over 

s o l i d  s t a t e  c i r c u i t s )  i n  d i s s i p a t e d  power, b u l k ,  and components. Tubes 

a l s o  have r a t h e r  s t r i c t  l i m i t a t i o n s  on the  peak c u r r e n t  which can be 

passed repeated ly ,  and they have a l i m i t e d  l i f e .  S o f t  tubes which work 

w e l l  w i t h  l o w - l e v e l  pu lses  (e.g. 2D21) s u f f e r  from an i n a b i l i t y  t o  h o l d  

o f f  t h e  h i g h  v o l t a g e s  needed t o  t r i g g e r  high-power t h y r a t r o n s .  S o f t  tubes 

which w i l l  h o l d  o f f  t h e  r e q u i r e d  v o l t a g e  have reduced s e n s i t i v i t y ,  and 

g e n e r a l l y  r e q u i r e  an a d d i t i o n a l  d r i v i n g  s tage.  Hard tubes w i l l  h o l d  o f f  

the  r e q u i r e d  v o l t a g e ,  b u t  a r e  i n s e n s i t i v e  and n o t  w e l l  s u i t e d  t o  pu lse  

s e r v i c e .  F o r  these reasons, we tu rned t o  a s o l i d  s t a t e  d r i v i n g  c i r c u i t .  

I f  peak d i / d t  i s  l i m i t e d ,  s i l i c o n  c o n t r o l l e d  r e c t i f i e r s  ( S C R )  w i l l  

pass repeatab ly  and re1 i a b l y  l a r g e  peak c u r r e n t s ;  and i n  c o n j u n c t i o n  w i t h  

a t rans former  t o  o b t a i n  the  necessary t r i g g e r  v o l t a g e ;  S C R ' s  per fo rm 

admi rab ly  as d r i v e r s  f o r  h igh-power t h y r a t r o n s .  The need f o r  1 i m i t i n g  

peak d i / d t  i s  d iscussed by Wechsler (1965), and a l s o  i n  severa l  o t h e r  

papers ( S c h a f f t ,  1967; Read and Dyer, 1967; lkeda and A r a k i ,  1967; Somos 

and Piccone, 1967; Davies and P e t r u z e l l a ,  1967). I n  the  case o f  S C R ' s ,  
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d i / d t  f a i l u r e  is c a u s e d  b y  h o t - s p o t s  w h i c h  d e v e l o p  b e c a u s e  t h e  c u r r e n t  

t h r o u g h  t h e  d e v i c e  h a s  become h i g h  b e f o r e  t h e  e n t i r e  g a t e - c a t h o d e  j u n c t i o n  

h a s  b e e n  t u r n e d  o n .  O v e r d r i v i n g  t h e  g a t e  w i l l  m i t i g a t e  t h e  e f fec t  ( a t  t h e  

e x p e n s e  of g a i n ) ,  b u t  w i l l  n o t  o v e r c o m e  i t .  As  a r e s u l t ,  i t  is n e c e s s a r y  

to  a n a l y z e  t h e  d r i v i n g  c i r c u i t  t o  make sure t h e  d i / d t  t h r o u g h  t h e  SCR is 

k e p t  w i t h i n  r e a s o n a b l e  b o u n d s .  

T h e  maximum ra te  of c u r r e n t  r i se  c a n  b e  d e t e r m i n e d  by s o l v i n g  t h e  

n e t w o r k  e q u a t i o n  f o r  t h e  c i r c u i t  shown i n  F i g u r e  1 ,  w h i c h  is  t h e  e q u i v a l e n t  

c i r c u i t  f o r  t h e  a c t u a l  d r i v e r  shown i n  F i g u r e  2 .  

I n  F i g u r e  i ,  R a n d  L a r e  t h e  e q u i v a l e n t  r e s i s t a n c e  a n d  i n d u c t a n c e  

s e e n  by t h e  SCR l o o k i n g  i n t o  t h e  p r i m a r y  o f  t h e  p u l s e  t r a n s f o r m e r .  The 

cha r g  i n g  r e s i s t o r  , R 3 ,  is a s s u m e d  t o  b e  l a r g e  e n o u g h  t o  d r a w  l i t t l e  

c u r r e n t ,  a n d  i s  h e n c e  n e g l e c t e d  i n  t h e  a n a l y s i s .  From s t a n d a r d  c i r c u i t  

t h e o r y ,  

1 - 1 
2 
- 

( 1 )  
u* e x p  ( -  - R t  

2L L 
i ( t )  = - 

We c a n  s u b s t i t u t e  f o r  C i n  e q u a t i o n  ( 1 )  t h e  f o l l o w i n g  r e l a t i o n :  

2E c = -  
2 

vo 

Where VO i s  c h a r g i n g  v o l t a g e  o n  t h e  c a p a c i t o r  (see F i g u r e  2 ) ,  a n d  E is  t h e  

r e q u i r e d  t r i g g e r  e n e r g y .  E c a n  b e  computed from t h e  r e l a t i o n  

E = V t I t  ( p u l s e  r e p e t i t i o n  ra te)  (3)  

w h e r e  V t  i s  t h e  r e q u i r e d  t r i g g e r  v o l t a g e  a n d  I is  t h e  r e q u i r e d  t r i g g e r  ’ t 
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c u r r e n t .  S u b s t i t u t i n g  e q u a t i o n  (2) i n t o  e q u a t i o n  ( 1 )  and rear rang ing ,  

we get  

As a conserva t ive  e s t i m a t e ,  assume t h a t  t h e  e x p o n e n t i a l  i n  

e q u a t i o n  (4) v a r i e s  s l o w l y  enough t o  be considered constant  d u r i n g  t h e  

r i s e  t ime o f  t h e  p u l s e .  Then from e q u a t i o n  ( 4 ) ,  t h e  rate-of-change o f  

c u r r e n t  through the SCR i s :  

d i  d t - i -  - "0 cos {g [ g 
The maximum va lue  o f  d /d t ,  found by s e t t i n g  the  cosine term i n  

e q u a t i o n  (5) equal  t o  u n i t y ,  i s :  

I d  i /dt Imax = Vo/L ( 6 )  

Manufacturers  do n o t  u s u a l l y  s p e c i f y  maximum d i / d t  va lues f o r  t h e i r  

SCR 's .  One e x c e p t i o n  i s  the  Motoro la  2N4199 s e r i e s  o f  SCR's  which a r e  

e s p e c i a l l y  designed f o r  h i g h  d i / d t  a p p l i c a t i o n s .  I n  t h i s  s e r i e s ,  the 

maximum a l l o w a b l e  d i / d t  i s  5000 a/microsecond. I f  we assume t h a t  l e s s  

s p e c i a l i z e d  S C R ' s  w i l l  w i t h s t a n d  a t  l e a s t  one- ten th  the d i / d t  o f  the  

2N4199 s e r i e s ,  then from e q u a t i o n  (6) we have t h e  r e l a t i o n :  
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= 2 x V o ,  where L i s  t h e  m i n i m u m  c i r c u i t  inductance m i n  

al lowable fo r  a charging vol tage  V t o  p ro tec t  the  SCR from burn-out. 
0’ 

T h e  c i r c u i t  we have  u s e d  is shown i n  Figure 2.  The values  f o r  t h e  

c i r c u i t  components were chosen under t h e  fol  lowing c o n s t r a i n t s :  t h e  

594% requi res  5 m i l l i j o u l e s  of t r i g g e r  energy. T h e  2N4195 w i l l  hold o f f  

300 v o l t s ,  t h u s  from equation ( 2 ) ,  C ~ 0 . 1  mfd. T h e  maximum p u l s e  

r epe t i t i on  r a t e  is 100 cps ,  hence R C 0.01, so R 10 ohms. The 

d r iv ing  t r a n s i s t o r  should have a low V t o  make sure  the ga te -  

cathode junc t ion  is o f f .  A germanium t r a n s i s t o r  was chosen f o r  t h i s  purpose. 

5 
3 3 

c e ( s a t )  

The value of R was s e t  low enough t o  insure a large gate  d r i v e ,  t o  prevent 2 

d i / d t  f a i l u r e .  The t r i g g e r  transformer can be any convenient u n i t  having 

s u f f i c i e n t  step-up r a t i o  t o  ensure t h a t  t h e  thyra t ron  t r i g g e r  threshold 

(600 v o l t s  i n  t h i s  case) is exceeded, and a l s o  h a v i n g  an inductance 

g rea t e r  t h a n  2 x lom9 Vo. We used a n  o f f - the - she l f  photoflash t r i g g e r  

transformer (Anglo MT-55) which e a s i l y  met both these requirements. 

T h e  c i r c u i t  of Figure 2 has performed q u i t e  well f o r  our  needs. 

T h e  delay between the time a d r ive  pulse is appl ied  t o  t h e  base of the 

t r a n s i s t o r  and t h e  time t h e  thyratron reaches maximum current  is 2 micro- 

seconds, w i t h  200 v o l t s  on the  S C R .  

reduced, b u t  r e l i a b l e  t r i gge r ing  occurs a t  vol tages  a s  low a s  75 v o l t s .  

T h e  f i r i n g  delay could b e  reduced by using a transformer w i t h  lower 

inductance, and an SCR w i t h  a f a s t e r  turn-on time ( t r a n s i s t o r s  m i g h t  a l s o  

be used).  

t r i g g e r  p u l s e  de l ivered  t o  the base of the t r a n s i s t o r  was l e s s  than 12 

The  delay is increased i f  Vo is 

The  t o t a l  j i t t e r  of t h e  thyra t ron  output a s  referenced t o  t h e  

nanoseconds. T h e  t o t a l  power consumption o f  the  d r i v e r  is l e s s  than 

5 wat t s .  



i n  summary, we have developed a s imple low-power consumption 

s o l i d  s t a t e  c i r c u i t  f o r  d r i v i n g  h i g h  power t h y r a t r o n s .  The 2 microsecond 

de lay  and 12 nanosecond j i t t e r  a r e  a c c e p t i b l e  f o r  o u r  purposes, b u t  can 

be reduced by v a r i o u s  techniques ( c . f .  Char les,  1955), i n c l u d i n g  reduced 

c i r c u i t  inductance, a f a s t e r  s w i t c h i n g  dev ice ,  and p o s i t i v e  b i a s  on the 

t h y  r a  t ron  . 
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FIGURE CAPTIONS 

F i g u r e  1 .  E q u i v a l e n t  c i r c u i t  f o r  F i g u r e  2 .  

F i g u r e  2. D r i v e  c i r c u i t  f o r  h i g h  power  t h y r a t r o n .  

- 
Q I  - 

R3 = 50K 1w v =  

R 1  4.3K iW 

R2 = 2700 4W Q2 = 

C = 0.1 mfd ,  300v T =  

2N 1306 

2N4195 

594% (25Kv, 5OOa rnax p u l s e )  

Ang lo  MT-55 

n = 60, p r i m a r y  impedance  = 

1 mhy i n  ser ies  w i t h  0.2R. 
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